INTRODUCTION
THE SIMPLE automatic act of breathing is essential to life, but may be interrupted in a variety of ways. Cessation of this act of breathing is not necessarily fatal if there is some means available to produce artificial respiration. However, should this assistance be lacking then death will always supervene. This article proposes to sketch the history of the various means of artificial respiration and to discuss the effects of its development upon the progress of physiology, medicine, surgery and resuscitation.
PRE-PHYSIOLOGY
The oldest references to artificial respiration are in Egyptian mythology where by one account Isis resurrected Osiris with the breath of life.1 Other early references occur in the Bible in Genesis, 2, 7 and Kings I, 17, 21, both of doubtful physiological significance. However another Biblical reference is strongly quoted as evidence of artificial respiration.
And he went up and lay upon the child, and put his mouth upon his mouth, and his eyes upon his eyes, and his hands upon his hands: and he stretched himself upon the child; and the flesh of the child waxed warm.
Then he returned, and walked in the house to and fro; and went up and stretched himself upon him: and the child sneezed seven times, and the child opened his eyes. Kings II, 4, [34] [35] This reference is the best of the three but again the exact meaning is doubtful. It does appear that this could be a description of mouth to mouth respiration, even though the reason for recovery may well have been rewarming of the patient.
Despite these references the medical and lay populace do not seem to have used 1 W. A. Jayne, The Healing Gods ofAncient Civilisations, New Haven, Yale University Press, 1925, p. 65. However, this myth is particularly complex and on checking Jayne's references on this point I was not able to locate his interpretation of the myth. The following translations by Wallis Budge throw some light on the interpretation: 'She [Isis] made light with her feathers, she made air to come into being with her wings, and she uttered cries of lamentation at the bier of her brother. She stirred up from his state of inactivity him whose heart was still.' Hymn to Osiris 1500 B.C., The Gods of the Egyptians, London, Methuen, 1904, vol. 2, p. 150. 'to breathe the breath of Isis', Pyramid Text-Unas, The Gods of the Egyptians, vol. 2, p. 204 . 'When Isis wished to revivify Osiris she gathered together his flesh, and bound up his hands, and embraced him'. Pyramid Text-Pepi H 868, Osiris and the Egyptian Resurrection, London, Warner, 1909, vol. 1, p. 86. 336 Artificial Respiration, the History of an Idea any form of artificial respiration for the dying or recently dead. Not only did they not use it for resuscitation, the lack of its use hindered their physiological study of the thoracic cavity and its organs. Without artificial respiration thoracotomy inevitably led to the collapse of one or both lungs, which usually resulted in the death of the animal in a short time and always to very severe interference with the physiological mechanisms. Galen was well aware of this problem and wrote of it on several occasions in his Anatomical Procedures,2 most graphically For with this perforation [pleural membrane] the whole process of respiration is destroyed, while if it be not perforated you cannot see within the thorax at all, except by excising a rib and leaving the pleura unharmed.' For this operation it is best to use a large pig, for then the membrane lining the ribs is strong. ' This method is of course a very poor one for visualizing the thoracic contents, as the pleural membrane is opalescent when it is thick enough not to be torn during dissection off the rib cage. Galen also describes in detail his method for exposing the heart of an animal for examination of its action, without perforation of the pleural membrane., A related approach via median sternotomy is today made by cardiac surgeons so that the pleural cavities are not disturbed and post-operative complications reduced in incidence and degree. Galen was obviously a very capable surgeon to be able to dissect his living animals to display the heart directly, or the thoracic contents through the pleural membrane, as these animals were not anaesthetized and even ifwell restrained would be hyperventilating with pain and fear. He was also prepared to use his surgical skill in the case of the slave Maryllus whose lower sternum he resected for a penchrondral infection, to expose the pulsating heart to the world.6 This is an operation which is unlikely to be undertaken lightly today, and that the slave lived can only be justification for the highest praise.
Galen, himself a great experimentalist, must have been very close indeed to discovering the usefulness of artificial ventilation, because in one of his experiments he used bellows to inflate the lungs of a dead animal.7 It is but a very simple step to doing exactly the same in a recently dead animal from an open thorax to discover that it is revived albeit temporarily. The next reference to artificial ventilation, once again of almost folk-tale origin, concerns also mouth-to-mouth artificial respiration. In 1472 Bagellardus issued this advice to midwives: 'If she find it [the newborn] warm, not black, she should blow into its mouth, if it has no respiration.'8 Marvellous advice only to be ruined by the succeeding phrase 'or into its anus!' So it may be assumed that Bagellardus did not recognize the real significance of his advice.
Artificial Respiration, the History of an Idea Like Galen, Leonardo was close to the fundamental discovery of artificial respiration.
It would appear that if Vesalius did obtain his technique from anyone it would have been early in the sixteenth century. There is a suggestion by Fodere15 (unsubstantiated) that Paracelsus in 1530 tried bellows 'with moderation and gentleness' on a dead subject without success. Pagel has stated that he does not know of this reference in Paracelsus's texts." However Vesalius may well have been the person who chanced upon the technique, as he knew Galenic texts intimately and may well have carried out Galen's inflation experiment on a recently dead animal with surprising results.17 If he did invent the technique himself, its description must surely be the most modest for such dramatic revival. He may perhaps have feared the wrath of the Church.
From this time onwards the Vesalian technique may be assumed to have remained well known in Padua. Colombo mentiors it,18 giving greater detail on the tracheotomy procedure, and Harvey very casually mentions it in De motu locali animalium: 'a cock's head off, the arteries being ligatured and artificial ventilation being given.'1' No doubt the anatomy demonstrations regularly made use of this method to display the actions of thoracic organs. Harvey also mentions that he repeated the Galen experiment of testing for air passage to the heart.20
Another casual reference to artificial respiration occurs in Highmore's Corporis humani disquisitio anatomica in 1651.21 However only thirteen years later and fifty miles away in London Croune was demonstrating to the Royal Society his revival of strangled chickens.22 Hooke, who was present at this demonstration, later makes a great show of reviving an open chested dog.
In prosecution of some inquiries into the nature of respiration in several animals, a dog was dissected, and by means of a pair of bellows, and a certain pipe thrust into the wind-pipe of the dog, the heart continued beating for a very long while after all the thorax and belly had been opened; nay, after the diaphragm had been in great part cut away, and the pericardium removed from the heart. And from several trials made, it seemed very probable, that this motion might have been continued as long, almost, as there was any blood left within the vessels of the dog: for the motion of the heart seemed very little changed, after above an hour's time, from the first displaying the thorax; though we found, that upon removing the bellows, the lungs would presently grow flaccid, and the heart begin to have convulsive motions: but upon renewing the motion of the bellows, the heart recovered its former motion, and the convulsions ceased." K. Clark, The Drawings ofLeonardo da Vinci in the Collection of Her Majesty the Queen at Windsor Castle, 2nd ed., London, Phaidon, 1968, vol. 3, p. 30 A. Barrington Baker Then on 10 October 1667"2 Hooke first performed his experiment, which was later reported in the Philosophical Transactions25 from the demonstration on 24 October,16 of keeping a dog alive without any respiratory movements by passing a constant flow of air into the animal. This experiment was very important as it convincingly proved that the heart's movements and those of respiration were independent, which had not previously been generally believed.27 At the end of this communication Hooke showed that he had a very good grasp of the possibility of extra-corporeal respiration, 'I shall shortly further try, whether the suffering the Blood to circulate through a vessel, so as it may be openly exposed to the fresh Air, will not suffice for the life of an animal.'25 However he lived before the isolation of oxygen and methods for providing a thin uncoagulated blood film, and his attempts were unsuccessful. Two hundred years more were to elapse before further experimentation was attempted, and 250 before success with this particular branch of artificial respiration.
Richard Lower, who was Hooke's associate in the dog experiment of 10 October but not credited in the Philosophical Transactions, also used artificial respiration on a dog to prove that the blood changed colour in the lungs and that this was dependent upon respiration or at least the passage of fresh air into the lungs."8 This evidence finally settled the change of colour of the blood in the lungs whereas previously it had been generally believed to be in the left heart, though this was at times debated.
Thus it can be seen that even after artificial respiration had been well described by Vesalius a further 120 years passed before the major physiology of the thorax had been determined. It was indeed a great restriction to the development of physiology that Galen did not chance upon the technique of artificial respiration.
RESUSCITATION
The idea of artificial ventilation may safely be said to have arrived with this age of great experimentation coinciding with the foundation of the Royal Society. Physiology seems never to have forgotten the technique again. However in the associated fields of medicine, surgery and resuscitation many years had to pass before acceptance of the idea.
During the eighteenth century, drowning became a, major public and medical issue, and in the latter half of the century several societies were founded to promote the recovery of persons apparently drowned.29 (a) Intermittent Positive Pressure Ventilation However, well before these, in 1740, the Academie des Sciences (Paris) had issued its 'Avis' which advised strongly that mouth-to-mouth respiration was the best method for recovering apparently drowned persons.s0
The first authentic case of human recovery by artificial respiration would seem to be the report by Tossach in 1744 concerning the resuscitation of a suffocated miner using the mouth-to-mouth technique. 'I must submit to better Judges to determine whether the Experiment I design to relate was the Mean of saving the Man's Life on whom it was tried; it is at least very simple, and absolutely safe, and therefore can at least be no Harm, if there is not an Advantage in acquanting the Publick of it.'31 Tossach was a cautious as well as a clever innovator. Jackson32 also gives a very accurate description of mouth-to-mouth resuscitation, though not from personal experience. It was not long before the effectiveness of bellows was substituted as the motive force. Buchan clearly describes such recommended measures:
To renew the breathing a strong person may blow his own breath into the patient's mouth with all the force he can, holding his nostrils at the same time. When it can be perceived by the rising of the chest or belly that the lungs are filled with air, the persons ought to desist from blowing, and should press the breast and belly so as to expel the air again; and this operation may be repeated for some time, alternately inflating and depressing the lungs so as to imitate natural respiration. If Artificial Respiration, the History of an Idea this operation the larynx be gently pressed against the oesophagus and spine, it will prevent the stomach and intestines being too much distended by the air.'4' This latter manoeuvre is in modern anaesthesia known as Sellick's manoeuvre after its modem proposer,42 some 200 years after Hunter's suggestion. Also this comment hints at one of the difficulties of the technique. It was not long before endotracheal intubation was being used for access to the lungs. Tracheotomy also was advised in some cases43 and occasionally bronchotomy," but because of their poor reputation in other conditions they lapsed in preference to endotracheal intubation, which was performed by blind techniques or by touch during this period. Tracheotomy presented the additional difficulty of air leak; a difficulty overcome in the endotracheal technique by wedging the tube in the larynx. The advent of cuffed tubes to seal the trachea did not occur for another hundred years.45
Early in the nineteenth century, doubts were raised concerning the safety of positive pressure respiration notably by Brodie," Villerme, 47 Whilst on this subject, mention must be made of Thunberg's 'Barospirator'6" used in the treatment of poliomyelitis by Petren and Sjdvall.7 Also about this time, in 1938, a blistering article68 appeared in the Bulletin de l'Academie de Medecine claiming Woillez as the originator of the tank respirator. As has been pointed out, this author is incorrect by forty years. Tank respirators, although successful in terms of ventilating the patient, proved very unwieldy for nursing procedures and rapidly lost favour when better alternatives became available.
(c) Manual Methods of Artificial Respiration
To return to the first half of the nineteenth century, we continue the examination of the methods of resuscitation for the drowned, which still had great public emphasis.
Leroy himself had suggested a many-tailed bandage which was alternately tightened and loosened. However there had been a manual method of artificial respiration described by De Haen in 178369 and the Royal Humane Society in 1812 mentions manual methods. 70 Dalrymple produced a different bandage from Leroy for the Royal Humane Society;7" suction cups were produced for attachment to the chest;72 and Van Hasselt described a method for lifting the rib cage by pushing fingers beneath the thoracic margin.73 However the greatest impetus to manual methods was given in 1855-56 by Marshall HalI.74 This new method was followed quickly by Silvester's, 75 and for the remainder of the century fierce controversy raged as to the best method. This controversy has been well described by Karpovitch.76 There were numerous "' G. N. Stewart, and J. M. Rogoff, J. Lab. clin. Med., 1918, 4, 73: 'A A. Barrington Baker attempts to adjudicate between the methods, the most notable being by Djelitzin in 189377 and the monumental inquiry in England headed by Schafer.78 This latter inquiry added yet another method to those available and found in favour of this latter method, later to be known as Schafer's method. Some of the experiments employed to test these various techniques were themselves rather heroic. In one79 a medical student volunteered to be deeply anaesthetized to apnoea-a very dangerous procedure at any time-then allowed the various methods of artificial respiration to be tried for their relative effectiveness! Schafer's method tended to hold sway until 1932 when Holger Nielsen described his method which then supplanted all previous manual methods. 80 However not all opinions were in favour of manual methods as can be seen from Woods (1906) , but it seems to me to be clear from every consideration that the mouth-to-mouth or nose method gives the patient the best chance, for, to recapitulate:-(1) The quantity of tidal air is greater than by any indirect method, and, therefore, the stimulation of the mechanisms of circulation and respiration, the elimination of the poison, and the oxygenation of the blood are all as great as possible.
(2) The impurities, if present at all, are neglible. This advice is today current. However, Woods was not to prevail just yet, and even as recently as 1951 a comprehensive investigation of methods of artificial respiration by the National Research Council gave its imprimatur to Holger Nielsen's method without even considering mouth-to-mouth respiration.82 Only since 1958 has mouthto-mouth respiration been returned to popularity as the method of choice in emergency resuscitation.83 SURGERY However to return to the end of the nineteenth century, at this time experimental and therapeutic surgery of the thoracic cage and organs was being obstructed by the same problem which had frustrated the early physiologists. The chest could not be opened without the patient dying. 'Hundreds of thousands of people are succumbing to tuberculosis, because as yet no one has been able to operate inside the thorax.'"4 (a) Intermittent Positive Pressure Ventilation
The answer was not only centuries old, but also all around as it was in 'constant use'85 in the physiological laboratory. Also it was being used in cases of poisoning by Fell,8f6 and it was in fact a modification of Fell's positive pressure technique which was advised by Parham,87 who incidently gives a very thorough table of all the previous successful intrathoracic operations on humans starting with Richerand in 1818. Tuffier and Hallion's technique88 (1906) was similar but used an expiratory resistance to keep the lung partially inflated for surgery upon it. This technique is the same as that used today with only minor modification.
All were not agreed upon the best method to use and Sauerbruch described a subatmospheric operating theatre inside which was everything except the patient's head.89 He persisted with this technique for many years even when the positive pressure method had become generally established. With the acceptance of the positive pressure method there arose automatic mechanical devices to produce an intermittent flow. Some of the more important early models being those of Matas,°J aneway,9' Driger,92 Giertz,"3 while the first truly automatic ventilator was described by Bowditch in 1879-80 for use in physiology:
The most perfect method of keeping an animal alive by artificial respiration is doubtless by means oPbellows driven by a steam, gas or water motor. In the early years of this century the famous experiment of Hooke and Lower"7 was re-studied in various physiological laboratories, apparently without knowledge of the prior effort nor of one another. Nagel96 in 1900 curarized pigeons and passed air retrogressively into the opened humerus (into which the lung extends) and this air eventually escaped via the trachea. This work was followed by others who all insufflated air into the tracheas of various animals.97'98 This latter method was later introduced as a technique for humans in 1951," and is currently used in anaesthesia for certain conditions. This technique cannot be relied upon for longterm artificial respiration because of the build-up of body carbon dioxide,97 and also requires oxygen as the delivery gas for any longer than a few minutes otherwise hypoxia cccurs.100 (c) Credit should also be given to others like Bjork and Crafoord'07 who, in 1948 , introduced the now widely used rotating disc oxygenator, to Clark and Gollan'08 who developed the first modern bubble oxygenator and to the technical virtuosity of Lillehei and his colleagues1"O who in turn successfully used perfusion from reservoirs of oxygenated blood, cross circulation, dog lung oxygenators and finally introduced the disposable plastic bubble oxygenator.110
Current investigation in this field is on membranes for oxygen transference which do not require haemodilution nor cause erythrocyte damage, in the hope that extracorporeal respiration for days or weeks will be possible.1' MEDICINE Thus far the techniques of artificial respiration have entered the fields of physiology, resuscitation and surgery. In 1951 during the great Copenhagen poliomyelitis epidemic and its subsequent European spread the technique of positive pressure ventilation extended to the medical field. Lassen"12 and Ibsen"3 employed teams of medical students pumping bags filled with oxygen and nitrous oxide, and later air, to sustain life in patients affected with bulbar paralysis. Soon a plethora of automatic machines became available to replace the students. Two of these ventilators are still in wide use throughout the world (Engstrmll4 and Radcliffe"15). The new technique swept Europe and parts of the rest of the world, but the United States of America remained resistant to this advance and persisted in the use of the tank respirators until the mid-1960s. The use of positive pressure respiration is now firmly established in medicine, and is the raison d'Wtre for the vast majority of intensive care units, now one of the most rapidly expanding areas of medical specialization. However once again their use could have benefited medicine much earlier. Brodie116 in a letter to the French physiologist Flourens in 1811 suggested the use of curare with artificial respiration by bellows to treat tetanus. In 1858117 a patient with tetanus was first treated with curare without artificial respiration and died-no doubt as much due to respiratory paralysis as to tetanic spasm. Brodie also foreshadowed medical treatment when, 'It occurred to me that in an animal under the influence of this or of any other poison that acts in a similar manner, by continuing the artificial respiration for a sufficient length of time after natural respiration had ceased, the brain might recover from the impression, which the poison had produced, and the animal might be restored to life. '118 This advice was applied by Fell86 who used this technique in the treatment of patients suffering from opium poisoning. Still however the idea had not been fully accepted because it was not until after the Copenhagen poliomyelitis epidemic that severe drug overdosage was regularly treated by artificial respiration.'19 CONCLUSION Today more and more automatic respirators are appearing, each said to be better than the others and almost all antedated in principle by 150 years. There is however a new field of previously uninvented devices based on the Coanda effect120 and the associated field of fluidics.'21 These are compact devices, with no moving parts, both attributes which are clinically useful. The physiological effects of artificial ventilation itself have been investigated, notably over the last twenty years, 122 Thus the development of artificial respiration is continuing, as it expands to fill an increasing medical need. Its history has been beset with problems of repudiation, forgetfulness, plagiarism and even misrepresentation, which have all had their effects upon its acceptance and development as a major technique in medicine. It is hoped that the lessons learnt will not be forgotten again.
